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Abstract
The Pliocene-early Pleistocene Citalang Formation of north Sumedang comprises as much as 1000
meters of fluvial deposits and is one of the thickest, non-marine deposits in the island of Java, Indonesia.
Twelve facies have been defined in four sections of the Citalang Formation. Following the facies
code of Miall (1978, 1996), they are facies Gmm, Gmg, Gt, Gp, Sm, St, Sr, Sh, Fm, and FI. There are
also some normally graded sands (here called facies Sg) in the sections. The facies can be divided into
two associations: (I) fining-upward association; and (2) cyclic association. The two associations may
be related one to the other. The fining-upward association consists of gravelly, sandy, and fine facies
in ascending order, and it is interpreted as a sequence of channel-bar-overbank deposits. The cyclic
association, which is entirely formed by sandy facies, is interpreted as bar deposits. The overall
stratigraphic record of the Citalang Formation is interpreted as braided stream deposits.
Key-words: facies, facies association, fluvial, braided system
1. Introduction
The Citalang Formation (Pliocene to early Pleis-
tocene) is exposed and crops out discontinuously in a
relatively wide area. It spreads from Purwakarta-
through Subang, the northern part of Sumedang, and
Majalengka - to Cirebon, and is one of the thickest
non- marine successions in the island of Java (total
thickness is as much as 1000 meters, according to Van
Bemmelen, 1949). This paper presents depositional
processes and environments for the Citalang, based on
its lithofacies and lithofacies associations. Prior to
the present study, no facies analysis has ever been
attempted on the unit.
2. Geologic Setting
The study area lies in the northern part of the
Regency of Sumedang, where the Citalang Formation
is fairly well exposed on several river courses and free
of faulting or other structural complications that
belong to the so called "Thrust-Fold Belt of West
Java" (figure I).
Many research workers have studied the geology
of the study area and its adjacent areas since the first
half of the 20 th century. The results of their studies
were summarized and well documented by Martodjojo
(1984). Sedimentary and volcaniclastic rocks in the
study area and its surroundings have been divided into
three lithostratigraphic units, namely, the Kaliwangu
(Pliocene), Citalang (Pliocene to early Pleistocene),
and Tambakan (early Pleistocene) Formations (Mar-
todjojo, 1984).
3. Methods
The main data for the present study are shown in
the columnar stratigraphic sections from the Cipanas,
Ciawi, Cisuru, and Cipelang Rivers (figure 2). The
sections were measured using tape and compass. The
main lithological aspects observed in the field are
textures and sedimentary structures. Paleocurrent
indicators were also measured. Special attention was
paid to identify the nature of the facies bounding
surfaces.
Parts of the sections that belong to Citalang
Formation were then divided into their constituent
facies. The relationships among lithofacies and their
sequences were analyzed quantitatively, using embed-
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Fig. I (A) Study area in the constellation of Thrust-Fold Belt of West Java. (B) Sketch map
of the geology of study area and the sites of stratigraphic measurements.
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Fig. 2 Columnar stratigraphic sections through the Citalang and Tambakan Formations in the
Cipanas, Cisuru, Ciawi and Cipelang Rivers, and their correlation.
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Table Facies classification in the study area.
Facies Lithofacies Sedimentary structures Interpretation
Code'
Gmm matrix-supported, massive crude horizontal bedding, debris flow deposits
or crudely bedded imbrication
conglomerate
Gmg matrix-supported, normal graded bedding deposition from a single
graded conglomerate current as the energy and
flow strength diminish
Gt trough cross-bedded trough cross-bedding 3-D bars, minor channel
conglomerate fills
Gp planar cross-bedded planar cross-bedding longitudinal bars,
conglomerate transverse bars
Sm massive sandstone none mudflow
Sg normally graded sandstone graded bedding last phase of heavy flood
Sp planar cross-bedded planar cross-bedding 2-D dunes or sand waves
sandstone (lower flow regime)
St trough cross-bedded trough cross-bedding 3-D dunes (upper flow
sandstone regime)
Sr ripple cross-laminated ripple marks of all types and ripples (lower flow
sandstone their associated cross- regime)
lamination
Sh horizontally laminated horizontal lamination planar bed flow (upper
sandstone and lower flow regime)
Fm massive mudstone, none overbank or rapid
siltstone, and claystone deposition from
suspension
FI interlaminated sandstone, fine lamination, very small overbank
mudstone, siltstone, and ripples
claystone
, most of facies codes are after Miall (1978, 1996)
ded markov chain methods (e.g., Miall, 1973; Cant and
Walker, 1976) in combination with improvements
proposed by Harper (1984).
4. Lithofacies
The Citalang Formation is characterized by a
wide variety of lithofacies; many research workers have
documented all of them in both modern and ancient
fl uvial systems. All but one of the lithofacies codes in
this paper are after Miall (1978,1996), used in order to
facilitate comparison to the literature of fluvial
deposits (table I).
4.1 Facies Gmm
Facies Gmm consists of conglomerates that lack
any internal sedimentary structures or biogenic sedi-
mentary structures or crude horizontal bedding. This
facies occupies about 17.1, 13, 4.9, and 13.6 percent of
the Cipanas, Ciawi, Cisuru, and Cipelang sections,
respectively.
The conglomerates that belong to this lithofacies
are polymictic, brownish gray to dark gray, and
matrix- supported. Some of them have been cement-
ed by calcareous materials. The principal compo-
nents are andesitic and basaltic igneous rock frag-
ments, most of which are in the pebble class with
cobble and boulder clasts scattered in some levels
(maximum size is 27.3 centimeters); the fragments are
subangular to rounded and poorly sorted. The matrix
consists of sands with rock fragments, quartz, and
pyroxene as the principal constituents, medium- to
coarse-grained, angular to rounded, and usually poor-
ly sorted. The base of this lithofacies is sharp, either
planar or irregular; but not erosional. The presence
of irregular bases at many stratigraphic levels gives a
channel-like appearance to this facies.
4.2 Facies Gmg
Facies Gmg consists of conglomerates that nor-
mally graded from cobble- and pebble-size clasts to
granule and coarse-sand. It was documented in the
Cipanas and Cipelang sections, where it occupies
about 0.2 and 2.7 percent of the sections, respectively.
The conglomerates of this facies are polymictic,
gray to brownish gray, and clast-supported with sand-
size materials filling the spaces among contiguous
larger clasts. The principal components are andesitic
and basaltic igneous rock fragments, most of them in
the pebble class, and subrounded to rounded. The
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filling materials are sands with rock fragments, quartz,
pyroxene, and am phi bole as the pri nci pal co nstituen ts,
and medium- to coarse-grained. The base of this
lithofacies is irregular and erosional.
4.3 Facies Gt
Facies Gt consists of trough cross-bedded con-
glomerates. It occupies about percent of the
Cipanas section, but was not documented in the Ciawi,
Cisuru, and Cipelang sections. The base of this facies
is sharp, erosional.
The conglomerates of this lithofacies are
polymictic, gray, matrix-supported, and cemented by
calcareous materials. The principal components are
andesitic and basaltic igneous rock fragments; most of
them in the pebble class, subangular to rounded, and
poorly sorted. The matrix consists of sands with
quartz, rock fragments, and pyroxene as the principal
constituents, which are medium- to coarse-grained,
angular to rounded, and poorly sorted.
Textures within the sets of cross-bedding are
varied. Alternating gravel-dominated and sand-
dominated layers forms some sets. Set thicknesses
range from 32 to 213 centimeters. Overall thickness
may be 4 meters.
4.4 Facies Gp
Facies Gp consists of planar cross-bedded con-
glomerates. It occupies about 2.6, 7.6, and 11.1 per-
cent of the Cipanas, Ciawi, and Cipelang sections,
respectively. It was not documented in the Cisuru
section. The base of this lithofacies is sharp and
indicates erosion at some places. The conglomerates
belonging to this lithofacies are polymictic, brownish
gray to dark gray and matrix-supported, some of
which have been cemented by calcareous materials.
The principal components are andesitic and basaltic
igneous rock fragments, most of them in the pebble
class, subangular to rounded, and poorly sorted. The
matrix consists of sands with rock fragments, quartz,
and pyroxene as the principal constituents, and they
are medium- to coarse-grained, angular to rounded,
and poorly sorted.
Textures within the sets of cross-bedding are
varied. Many sets are formed by alternating gravel-
dominated and sand-dominated layers. Set thicknes-
ses range from 50 to 483 centimeters. Overall thick-
ness may be 8 meters, but typically no more than 3
meters. Individual foresets beds may be as much as 43
centimeters thick in the larger sets.
4.5 Facies Sm
This facies consists of sandstones that lack any
observable internal sedimentary structures. Unfortu-
nately, some of them have burrows of skolithos and
scoyenia categories. In such cases, it is difficult to
make sure whether the facies are really massive or
whether the original sedimentary structures have been
obliterated by organisms. However, for the present
study, they are included in facies Sm. This facies
occupies about 17.5, 23.3, 20.9, and 22.9 percent of the
Cipanas, Ciawi, Cisuru, and Cipelang sections, respec-
tively.
The sandstones belonging to this lithofacies are
lithic sandstones, brownish gray to dark gray, and
clast- supported with quatz, rock fragments, and
pyroxene as the pri nci pal components. They are fi ne-
to coarse-grained, angular to rounded, moderately
sorted to well sorted, and friable to hard. Some of
them have calcareous sand nodules.
4.6 Facies Sg
This is normal graded sandstone. It occupies
about I and 1.4 percent of the Cipanas and Cipelang
sections, respectively. ft does not occur in the Ciawi
and Cisuru sections. This facies appears as a single
graded bed or a series of graded beds. Thicknesses of
individual beds range from 5 to 70 centimeters.
Overall thickness of a series of beds may reach 240
centimeters. The base of this facies is sharp.
The sandstones of this lithofacies are brownish
gray to gray and clast-supported with rock fragments,
quartz, and pyroxene as the principal components.
They are fine- to coarse-grained, angular to subround-
ed, moderately sorted, and medium hard.
4.7 Facies Sp
Facies Sp consists of planar cross-bedded sand-
stones, mostly showing textural variations within.
This facies occupies about 3.2, 8.9, 2.2, and 11.9 percent
of the Cipanas, Ciawi, Cisuru, and Cipelang sections,
respectively. Some of facies Sp have angular foresets,
others having asymptotic foresets. Set thicknesses
range from 6 to 154 centimeters. Overall thickness
may reach 5.5 meters, but typically no more than 2
meters. The base of this facies is typically flat.
The sandstones belonging to this facies are brown-
ish gray to gray, and clast-supported with quartz, rock
fragments, and pyroxene as the principal components.
They are medium- to coarse-grained, with granules
concentrated in some foresets, angular to subrounded,
poorly sorted, and friable to medium hard.
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4.8 Facies St
This facies is characterized by trough cross-bed-
ding. As in the case of facies Sp, this facies shows
textural variations, where coarse sands and granules
tend to concentrate in foresets. It occupies about 10.8,
2.6, and 1.3 percent of the Cipanas, Cisuru, and
Cipelang sections, respectively, but it was not
documented in the Ciawi section. The thickness of
this facies ranges from 18 to 182 centi meters. Overall
thickness may reach 6 meters, but typically no more
than 2.5 meters. It generally has a scooped, erosional
base.
The sandstones belonging to this lithofacies are
brownish gray to gray and clast-supported with quartz,
rock fragments, and pyroxene as the principal compo-
nents. They are medium- to coarse-grained with
granules concentrated in some foresets, angular to
subrounded, poorly sorted, and hard.
4.9 Facies Sr
This lithofacies consists of fine- to medium-
grained sandstones with a variety of ripples and their
equivalent cross-laminations. It occupies 2, 2.6, 9.9,
and 2.7 percent of the Cipanas, Ciawi, Cisuru, and
Cipelang sections, respectively. The base of facies Sr
is flat and irregular, but not erosional.
The sandstones of this facies are brownish gray to
dark gray and grain-supported with quartz, rock frag-
ments, and pyroxene as principal components. They
are fine- to medium-grained, angular to subrounded,
moderately to well sorted, and friable to hard.
4.10 Facies Sh
This lithofacies is characterized by parallel
laminations. The stratification appears as changes in
grain-size and by the presence of very thin, fine-
grained siliciclastic rock laminae. It constitutes 1.3,
0.6, 1.3, and 1.3 percent of the Cipanas, Ciawi, Cisuru,
and Cipelang sections, respectively. The sandstone
beds of this facies are 6 to 231 centimeters thick.
The sandstones belong to this facies are brownish
gray to gray and grain-supported with rock fragments,
quartz, and pyroxene as principal components. They
are fine- to medium-grained, angular to rounded,
moderately to well sorted, and mostly medium hard.
4.11 Facies Fm
This facies consists of massive mudstone, shales,
siltstones, and claystones that lack any observable
sedi mentary structures, and also incl udes bioturbated
mudstones. It occupies 38.4, 41.6, 41.2, and 20.6
percent of the Cipanas, Ciawi, Cisuru, and Cipelang
sections, respectively. The base of facies Fm is flat or
irregu lar, but not errosional.
The fine-grained siliciclastic rocks of this facies
are green ish or brownish gray to dark gray and dark
brown. Carbonaceous streaks are common and some
of them are bioturbated; one of them contains tree
remal ns.
4.12 Facies FI
This facies consists of packages of interlam inated
sandstones, mudstones, siltstones, and claystones. It
constitutes 4.8, 2.6, 16.8, and 6.5 percent of the
Cipanas, Ciawi, Cisuru, and Cipelang sections, respec-
tively. Lithologically, the members of this facies are
brownish gray to greenish gray, mostly in the silt class.
Most of them have undulating laminations and some
contain carbonaceous streaks. They are soft to
medium hard.
5. Facies Associations and Local Model
Embedded markov chain analysis has been widely
used to study vertical sedimentary facies transitions
(e.g., Miall, 1973; Cant and Walker, 1978). However,
as pointed out by Walker (1984) and Harper (1984), in
subtracting the random from observed probabilities
one does not know whether a given difference is signifi-
cant or not. To make clear this aspect of facies analy-
sis, Harper (1984) proposed improvement methods of
facies sequence analysis using binomial probability.
The author conducted an embedded markov chain
analysis of 473 facies transitions in the Citalang For-
mation. The statistics are presented in transition-
count, transition-probability, random probability, and
difference matrix tables (tables 2, 3, 4, and 5). Bino-
mial probability for all differences with level of signifi-
cance of 0.1 and 0.15 is shown in table 6. The scour-
erosional surface (SS), even though it is not a facies in
a normal sense, is included in the statistics and bino-
mial probability. The difference for SS ---> Gt transi-
tion is positive. However, its binomial probability is
considerably greater than 0.1. Therefore, it is inter-
preted that the facies Gt appears randomly in the
Citalang Formation.
Tables 1 to 6 and Figure 3 show the sequence of
lithofacies in the Citalang Formation. They docu-
ment two associations. The first association is a fin-
ing-upward facies association, whereas the second one
is a cyclic facies association.
D. J. SETIADI
Table 2 Transition count-matrix for the Citalang Formation
SS Gmm GmQ Gt Gp Sm Sg Sp St Sr Sh Fm FI Total
SS 57 6 2 9 7 0 2 4 2 0 15 1 105
Gmm 13 0 0 0 21 2 7 1 3 0 15 0 62
GmQ 2 0 0 0 0 0 0 0 0 0 3 1 6
Gt 0 0 0 0 1 0 0 0 0 0 1 0 2
Gp 2 3 0 0 1 0 1 0 0 1 0 1 9
Sm 21 0 0 0 0 1 5 2 1 2 36 11 79
SQ 0 0 0 0 0 2 0 0 2 0 2 0 6
Sp 6 0 0 0 0 7 0 1 1 1 7 1 24
St 1 0 0 0 0 0 0 1 0 1 9 0 12
Sr 5 0 0 0 0 1 0 1 0 3 6 1 17
Sh 3 0 0 0 0 3 3 0 1 2 1 1 14
Fm 38 0 0 0 0 30 0 5 2 4 3 19 101
FI 14 0 0 0 0 9 1 1 0 0 0 11 36
Table 3 Random probability matrix for the Citalang Formation
SS Gmm Gmg Gt Gp Sm Sg Sp St Sr Sh Fm FI Total
SS 0.18 0.02 0.01 0.03 0.23 0 0.07 0.03 0.05 0 0.29 0.10 1.01
Gmm 0.31 0 0 0 0.23 0.02 0.07 0.03 0.05 0 0.29 0 1
Gmg 0.43 0 0 0 0 0 0 0 0 0 0.42 0.15 1
Gt 0 0 0 0 0.44 0 0 0 0 0 0.56 0 1
Gp 0.33 0.19 0 0 0.25 0 0.08 0 0 0.04 0 0.11 1
Sm 0.33 0 0 0 0 0.02 0.08 0.04 0.05 0.04 0.32 0.11 0.99
SQ 0 0 0 0 0 0.40 0 0 0.09 0 0.51 0 1
Sp 0.29 0 0 0 0 0.22 0 0.03 0.05 0.04 0.28 0.10 1.01
St 0.43 0 0 0 0 0 0 0.10 0 0.06 0.41 0 1
Sr 0.29 0 0 0 0 0.22 0 0.Q7 0 0.04 0.28 0.10 1
Sh 0.29 0 0 0 0 0.22 0.02 0 0.03 0.05 0.28 0.10 0.99
Fm 0.37 0 0 0 0 0.28 0 0.08 0.04 0.06 0.05 0.13 1.01
FI 0.33 0 0 0 0 0.25 0.02 0.08 0 0 0 0.32 1
Table 4 Transition probability matrix for the Citalang Formation
SS Gmm Gmg Gt Gp Sm Sg Sp St Sr Sh Fm FI Total
SS 0.54 0.06 0.02 0.09 0.07 0 0.02 0.04 0.02 0 0.14 001 1.01
Gmm 0.21 0 0 0 0.34 0.03 0.11 002 0.05 0 0.24 0 1
GmQ 0.33 0 0 0 0 0 0 0 0 0 0.50 0.17 1
Gt 0 0 0 0 0.50 0 0 0 0 0 0.50 0 1
Gp 0.22 0.33 0 0 0.11 0 0.11 0 0 0.11 0 0.11 1
Sm 0.27 0 0 0 0 0.01 0.06 0.03 0.01 0.03 0.46 0.14 0.99
Sg 0 0 0 0 0 0.33 0 0 0.33 0 0.33 0 1.01
Sp 0.25 0 0 0 0 0.29 0 0.04 004 0.04 0.29 0.04 0.99
St 0.08 0 0 0 0 0 0 0.08 0 0.08 0.75 0 0.99
Sr 0.29 0 0 0 0 0.06 0 0.06 0 0.18 0.35 0.06 0.99
Sh 0.21 0 0 0 0 0.21 0.21 0 0.07 0.14 0.07 0.07 1
Fm 0.38 0 0 0 0 0.30 0 0.05 0.02 0.04 0.03 0.19 1.01
FI 0.39 0 0 0 0 0.25 0.03 0.03 0 0 0 0.31 1.01
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6. Discussion
6.1 Fining-Upward Association
This association is started by the gravelly facies of
Gmm, Gmg, and Gp resting on scour-erosional sur-
faces. Even though facies Gt appears randomly in the
Citalang Formation, the field data (table I) show that
the facies rests on scour-erosional surfaces and is
overlain by other members of this association, that is,
facies Sm and Fm. Therefore, facies Gt will be inter-
preted within the context of this association.
Facies Gmm is interpreted as a deposit of high-
strength (pseudo-plastic or viscous) debris flows.
The channeled form on some conglomerates of facies
Gmm came into being because the flows passively
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Table 5 Difference matrix for the Citalang Formation
SS Gmm Gmq Gt Gp Sm Sq Sp St Sr Sh Fm FI
SS 0.36 0.04 0.01 0.06 -0.16 0 -0.05 0.01 -0.03 0 -0.15 -0.09
Gmm -0.10 0 0 0 0.11 0.01 0.04 -0.01 0 0 -0.15 0
Gmq -0.10 0 0 0 0 0 0 0 0 0 0.08 0.02
Gt 0 0 0 0 0.06 0 0 0 0 0 -0.06 0
Gp -0.11 0.14 0 0 -0.14 0 0.03 0 0 0.07 0 0
Sm -0.06 0 0 0 0 -0.01 -0.02 -0.01 -0.04 -0.01 0.14 0.03
Sq 0 0 0 0 0 -0.07 0 0 0.24 0 -0.18 0
Sp -0.04 0 0 0 0 0.07 0 0.01 -0.01 0 0.01 -0.06
St -0.35 0 0 0 0 0 0 -0.02 0 0.02 0.34 0
Sr 0 0 0 0 0 -0.16 0 -0.01 0 0.14 0.07 -0.04
Sh -0.08 0 0 0 0 -0.01 0.19 0 0.04 0.09 -0.19 -0.03
Fm 0.01 0 0 0 0 0.02 0 -0.03 -0.02 -0.02 -002 0.06
FI '0.06 0 0 0 0 0 0.01 -0.05 0 0 0 -0.01
~GP ~~~ (\~~~~ ~.SS 0.000, Gmm .... 0.034, Sm 0.008, Fm 0.061,
~ ...... A~() .() (). 7,9 .., : .()~0 ••••• M:Gmg ·«9·.......,1
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--.:a.. .
Sr
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Sg <0.002 Sh
0.279FI ........•.~ SS
Fig. 3 Facies relationship diagram for Citalang Formation data, derived from table 6. Heavy lines
show relationships significant at 0.1 level; light line at 0.15; and dashed lines at 0.4
occupy the preexisting alluvial topography, including
the channels (Miall, 1996).
The graded bedding of facies Gmg indicates depo-
sition from a single current as the energy and flow
strength diminished. Considering the nature of its
base, it is likely that facies Gmg was deposited follow-
ing a flood that eroded the strata below this facies.
The presence of a matrix probably resulted from post-
flood infiltration of open-framework gravels by sand
or by sieve deposition (DeCelles et aI., 1991).
Facies Gp is interpreted as the result of pro-
gradational, down-stream movement and deposition
of gravels which formed transverse or longitudinal bars
during flood peaks in low-sinuosity channels (e.g.,
Massari, 1983). Textural variations within the sets of
cross-bedding may be caused by vari~tions in sorting
resulting from changing hydraulic conditions and
gravel-clasts overpassi ng. The thickness of this facies,
which can be up to 483 centimeters, suggests that
progradational foreset deposition might have been
occurred in locally deep scour hollows.
The erosional base of facies Gt represents channel
scour that was formed by avulsion at relatively high-
water stage or bar dissection during a falling-water
stage (Williams and Rust, 1969; Miall, 1977; Yagishita,
1997). The presence of trough cross-bedding suggests
a migration of big bedforms, where their lee faces are
the likely sites of avalanching and grain fall (Collinson
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Fig. 4 Local "model" of braided stream deposits of the Citalang Formation
Table 6 Binomial probability for
the Citalang Formation.
With the exception of FI ~
SS, data for transitions with
probability greater than
0.15 (with level of signifi-
cance a ~ 0.1) not listed.
The listed probability of FI
~ SS transition is the smal-
lest for all "x" ~ SS transi-
tions.
Facies transition
SS~Gmm
SS~Gmg
SS~Gp
Gmm~Sm
Gmm~Sp
Sm~Fm
Sg ~Sr
St ~Fm
Sr ~Sh
Sh ~Sg
Fm-FI
FI ~SS
Probability
6.795 X 10-17
0.019
0.004
0.034
0.142
0.008
0.095
0.018
0.029
0.002
0.061
0.279
and Thompson, 1982). Considering the type and the
thickness of sets of cross-strata, it is likely that the
bedforms were sinuous-crested, lunate-crested, or lin-
guoid-crested dunes (3-D dunes), or even bars.
Based on the aforementioned interpretations, is it
likely that the gravelly facies of this association sug-
gests deposition in channels. These facies, especially
facies Gmm, are overlain by sandy facies Sm, Sp, and
St.
Massive, sandy beds of facies Sm might be formed
in response to depositional processes (e.g., McCabe,
1977; Jones and Rust, 1983; Turner and Monro, 1987)
or by post-depositional deformation (e.g., Allen,
1986). In the present interpretation, deformation is
considered as irrelevant based on the absence of its
indicators in any bed associated with facies Sm.
Accordingly, this facies is interpreted as resulting from
transport and deposition of sediments by short-lived
mass flows. Based on its close association with facies
Gmm, Sp, and St, it is interpreted as the result of
hyperconcentrated flood-flows relating to debris flows
that take up water as they move downstream (Smith,
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1986) or that develop with addition of sediments to
fast- moving stream-flows (Turner and Monro, 1987).
The tabular beds of facies Sm, which are associated
with fine facies, represent mudflow that spilled out of
channels and spread over the floodplain.
The presence of planar cross-bedding, the grain-
size variations, and the thickness of the sets of cross-
beds of facies Sp suggest that it might be formed by
migration of 2-D dunes or bars. Their lee faces were
the likely sites of avalanching of coarse sands and
granules. Textural variations, where the coarser sands
and granules tend to concentrate in foresets, were
formed because sand is typically sorted by a process of
ripple migration up to the stoss side of the dune or bars
(Miall, 1996).
Facies St, which is characterized by the presence
of trough cross-bedding and its association with facies
Sp and Sm, most likely developed by the migration of
3-D dunes in channels under the conditions of the
upper part of the lower f1ow-regime (Hjellbakk, 1997).
Considering the nature of facies Sm, Sp, and St,
and their close relation with facies Gmm and Fm, the
sandy facies of this association are interpreted as chan-
nel to bar deposits. These sandy facies are overlain by
facies Fm and Fl.
The massive nature of facies Fm may be due to a
very homogeneous and possibly rapid deposition from
suspension or to lack of platy grains (Collinson and
Thompson, 1982). It may represent the most distal
floodplain facies, including deposition in floodplain
ponds. The preservation of carbonaceous tree
remains and the thickness of some beds of this facies up
to more than 5 meters may indicate that the ponds were
relatively deep or that the floodplain area subsided
relatively rapidly. The last possibility may be related
to the activity of thrust systems south of the study area
during their deposition time (Setiadi and Haryanto, in
preparati on).
Facies FI represents deposition from suspension
and from weak traction currents in overbank areas
where sedimentation rates would be highest, or deposi-
tion in topographically low parts of the floodplains
(Johnson, 1984; Miall, 1996; Hjellbakk, 1997) The
dominant sedimentary process in such areas is suspen-
sion fallout accompanied by periodic input of current
transported sands (Hjellbakk, 1997).
From the above considerations, it may be conclud-
ed that the fine facies of this association represent
floodplain deposition.
Based on the aforementioned interpretations, it is
clearly indicated that the overall fining-upward associ-
ation represents a sequence of channel-bar-overbank
deposits of a braided fluvial system.
6.2 Cyclic Association
As already mentioned above, this association
consists of facies Sg, Sr, and Sh, making a cyclic
pattern (figure 3).
The presence of distribution grading in facies Sg
and its association with facies Sr and Sh suggest that it
was produced in the last phase of heavy f100ds
(Reineck and Singh, 1980).
Facies Sr probably developed during the waning
flood or low-water stage (Mia!l, 1977). It may fill
minor chan nels or across bar surfaces d uri ng wani ng
flood or low-water conditions, even in extreme shal-
low water (Smith, 1971, 1972).
Facies Sh may be formed under two quite different
conditions: during flood stage and in shallOW water
(Miall, 1977, 1996). Based on the size of its compo-
nents, it may represent the upper plane bed condition,
at the transition from subcritical to supercritical f1ows,
because that phase is most stable in that range of clast
sIze. However, it may also occur at lower velocities at
shallower depths.
Based on the characters of all facies of this associa-
tion, and their possible interpretation, it is likely that
this association represents depositon on sandy bars in
a braided f1uvial system.
6.3 Relationship Between Associations
Field data indicate that the two associations are
related and the difference probability (table 5) shows
that they may be connected to each other through
Gmm ---+ Sr and Sr ---+ Fm transitions. However,
statistically, the relationships are not significant; they
relate one to each other at an 0.4 level of significance
(figure 3).
7. Conclusions
Based on facies analysis, the Citalang Formation
IS interpreted as braided stream deposits. It may be
divided into two facies associati ons: (I) fi n ing-u pward
association; and (2) cyclic association. The fining-
upward association consists of gravel, sandy, and fine
facies in ascending order and it is interpreted as a
seq uence of chan nel- bar-overban k deposi ts. The
cyclic association, which is formed entirely by a sandy
facies, is interpreted as bar deposits.
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